There are several reports that a protein-free extract of heart muscles from mamma lian animals dilates coronary vessels (1, 2), increases the amplitude of heart (3), and im proves the efficiency of contractions in heart lung preparations (4). Clinically, the extract has been used as an antianginal drug (5, 6), and a drug for heart failure contradictorily (7, 8) . One of the main approaches to antianginal drugs has been studies of coronary dilators. However, the majority of pharmacological studies have been carried out in animals with a normal coronary circulation and the results obtained may not predict the status of the abnormal coronary circulation. Certainly, studies in man indicate that the coronary bed of the anginal patient is incapable of dilatation so that nitroglycerin produces no increase in coronary flow (9, 10). Furthermore, some reports show that dipyridamol having specific potent coronary vasodilating activity is not effective for angina pectoris (11-13). Thus, many other approaches have been tried to investigate antiangi nal drugs. Clinically, ST segment depression in electrocadiogram of patients of angina pectoris is very common phenomenon, and we consider ST segment depression in rats produced with vasopressin or adrenaline might be one of the experimental models of an gina pectoris. Lindner et al. have shown that the vasopressin induced ischemia of the dog heart was improved after three daily injections of the large doses of a heart extract (14). Black have shown that oral administration of a heart extract for two weeks pro duced improvement on the above mentioned ischemia in rabbits (15). This paper des cribes a modification of similar experimental methods in rats and the identification of components which improves the ST segment depression in the heart extract.
. One of the main approaches to antianginal drugs has been studies of coronary dilators. However, the majority of pharmacological studies have been carried out in animals with a normal coronary circulation and the results obtained may not predict the status of the abnormal coronary circulation. Certainly, studies in man indicate that the coronary bed of the anginal patient is incapable of dilatation so that nitroglycerin produces no increase in coronary flow (9, 10) . Furthermore, some reports show that dipyridamol having specific potent coronary vasodilating activity is not effective for angina pectoris (11) (12) (13) . Thus, many other approaches have been tried to investigate antiangi nal drugs. Clinically, ST segment depression in electrocadiogram of patients of angina pectoris is very common phenomenon, and we consider ST segment depression in rats produced with vasopressin or adrenaline might be one of the experimental models of an gina pectoris. Lindner et al. have shown that the vasopressin induced ischemia of the dog heart was improved after three daily injections of the large doses of a heart extract (14) . Black have shown that oral administration of a heart extract for two weeks pro duced improvement on the above mentioned ischemia in rabbits (15) . This paper des cribes a modification of similar experimental methods in rats and the identification of components which improves the ST segment depression in the heart extract.
MATERIALS AND METHODS

Animal experiments
Electrocardiogram (ECG) was recorded with male rats of Donryu strain weighing 170 to 220 g, anesthetized with intra-peritoneal administration of sodium pentobarbital (60 mg/kg). Conscious rats and male rabbits, being conscious or anesthetized with sodium pentobarbital, were used in the preliminary experiment. Myocardial hypoxia was pro duced by the intravenous administration of ox pituitary vasopressin containing negligible (less than one thirtieth) oxytocin. ECG was registered in the second lead, and the sen sitivity was adjusted to give 2 cm deflection for 1 mV input. Drugs were administered intravenously 2 minutes before intravenous administration of vasopressin. Since in pre liminary experiments, the maximum ST depression was produced with 0.25 u/kg-0.5 u/kg of vasopressin, and the depression continued for five minutes (Fig. 1) , the lowest dose was used as a standard. The difference of the amplitudes of ST segment between after vasopressin and just before vasopressin, was measured as the depression of ST seg ment (Fig. 2) . The amplitude of ST segment was measured at 1, 2, 3, 4, and 5 minutes after the administration of vasopressin in each rat, and the data was analysed statistically 2. Purification procedures of active components from whale heart All operations were carried out at 4-10°C. Frozen heart (1 kg) was minced, and extracted with 1 liter of 10 per cent HC1O4. After stirring for 2 hours, the extract was filtered. The residue was extracted once more with 1 liter of 5 per cent HC1O4. These two filtrates were combined, and PH of the extract was adjusted to 7.0 with 5 N-KOH, then, the precipitated KC1O4 was removed by filtration. Filtrate was adsorbed in 30 g of activated charcoal. The adsorbed fraction was washed three times with deionized water, then eluted with 1 liter of 50 per cent ethanol containing 0.3 per cent NH4OH.
The effluent was concentrated under reduced pressure and then lyophilized. M : molecular weight E : absorbance of the effluent b) Column chromatography of nucleotides Nucleotides were separated by anion exchange chromatography using Dowex-1 x 8 formate (200-400 mesh) column. The adsorbed materials were then eluted stepwise with formic acid and sodium formate (19) . The identification of these separated fractions was performed by paper chromatography with solvent II and IV, and they were quantita tively analysed by the method as same as the case of a). Solvent IV: Saturated (NH4), SO,: isopropanol : water (79: 2 : 19) (20) c) Free amino acids Amino acids were separated and identified by amino acid autoanalyser.
RESULTS
Preliminary experiments
We divided the vasopressin induced ECG changes into two phases: the first phase continuing for 10 to 20 seconds was characterized by elevated T and ST segment, and the second phase succeeding the first phase and continuing for several minutes was character ized by depressed ST and sometimes inverted T. a) Effect of sodium pentobarbital anesthesia on EGG changes induced with vasopressin (0.25 u/kg) 1) In conscious and sodium pentobarbital (10 mg/kg) anesthetized rats The elevation of the T wave in the first phase was large. In the second phase, how ever, the depression of ST varied largely animal to animal, and the duration was extremely short. Moreover, it was impossible to obtain clear and stable ECG, because all the animals often moved violently or ventricular extrasystoles appeared constantly.
2) In sodium pentobarbital (30 mg/kg) anesthetized rats In the first phase, the elevation of the T wave was less than that in the case of 1). In the second phase, the degree of ST depression became larger and more continuous, but varied largely animal to animal, and sometimes appeared ventricular extrasystoles.
3) In sodium pentobarbital (60 mg/kg) anesthetized rats The procedure was similar to that in the case of 2), however individual variation of ST depression was smaller than in the case of 2), and after the second phase, 8 to 10 minutes after administration of vasopressin when ST segment recovered completely, ventricular extrasystoles appeared occassionally. b) Selection of the optimal dose for vasopressin
The maximum ST depression was produced with 0.25 u/kg-0.5 u/kg of vasopressin, and the depression continued for 5 minutes (long enough to allow even the observation of the evanescent phase of the vasodilator action) (Fig. 1). c) The characteristic changes in the EGG produced with 0.1 u/kg to 1.0 u/kg of vasopressin
In the first phase, T wave showed a gradual rise. Duration of the first phase was about 10-15 seconds. Continuous ST depression was characteristic in the second phase. Heart rate decreased gradually and became minimum in 3-8 minutes after vasopressin injection, and these changes were independent of vasopressin dosage. d) Reproducibility of response in the same rat and individual difference
The administration of vasopressin could not be repeated on the same day, because the depression of ST was not produced by the second administration. This tachyphy laxis-like phenomenon was shown in some rats on the next day and the day after next. However, the response became reproducible on the fourth day (Fig. 4D) except for a few rats (one out fifteen) which showed nonrecovered ST changes. But, variation of the in dividual response was not so large as to require the same rat to compare the response (Fig.  4) , and the effect of inosine was demonstrated in a cross examination, in which inosine was equally effective in a pair of experiments done on two separate days with two groups of rats (Fig. 4E ).
e) Effect of vasopressin on ECG in conscious and sodium pentobarbital anesthetized rabbits
Vasopressin (2 u/kg) induced ECG changes in rabbits were variable, that is, some rabbits showed only the elevated T wave which continued considerably, but had large individual variation, and other rabbits showed depressions of ST, in addi tion.
Considering the result of preliminary experiments, we decided to use vasopressin (0.25 u/kg) induced ECG change in rats under sodium pentobarbital (60 mg/kg) anesthesia as a standard assay method .
Measurement of antagonistic activities of some drugs
Minimum effective doses of nitrogly cerin and iproveratril to the ST depression was 1.6 mg/kg, and 0.5 mg/kg respectively . Nitroglycerin (0.8 mg/kg) , papaverine (5 mg/kg), dipyridamol (10 mg/kg) , and pyri dinolcarbamate (5 mg/kg) were not effective. 3. Activity of a whale heart extract (40° o ethanol extract) This extract was effective to vasopressin induced heart ischemia at the doses of 25 mg/kg, and antagonized perfectly this heart ischemia at the 50 mg/kg (Fig. 5 ).
Purification of the active substances in whale heart
The procedure of purification from crude whale heart was shown in Fig. 6 . Active components were condensed in the activated charcoal adsorbed fraction. The minimum effective dose of this fraction was 1 mg/kg, and the perfect antagonizing dose was about 1.5 mg/kg (Fig. 7) . 
Analysis of activated charcoal adsorbed fraction a) Paper chromatography of inosine and hypoxanthine
Separation and identification of inosine and hypoxanthine from the activated char coal adsorbed fraction were achieved as Fig. 8 . The optical density was measured at 260 in,", then the quantity was calculated by formula 1 with coeficient (s) 12,100 for inosine, and 11,000 for hypoxanthine.
This fraction contained 31.2 per cent inosine, and 5.6 per cent hypoxanthine.
b) Column chromatography of nucleotides
Separation of nucleotides from the activated charcoal adsorbed fraction was achieved as Fig. 9 , and three main fractions of 5'-nucleotides were obtained. Identifications of fraction I, II, and III in Fig. 9 were achieved by paper chromatography as Fig. 10, and it was confirmed that each of them was identical to 5'-AMP, ADP, and ATP. Optical density of fraction I, II, and III was measured at 260 m,a (at PH 12), and the quantity of nucleotides was calculated by formula 1 using coeficients (E) 12,900 for 5'-AMP, 15,000 for ADP, and 16,200 for ATP. The percentage of their contents in the activated char coal adsorbed fraction was 0.34, 2.5, and 0.48 respectively.
c) Free amino acids
Amino acids in the fraction were analysed quantitatively by amino acid autoanalyser, and 0.2 per cent lysine, 0.6 per cent histidine, 0.4 per cent arginine, 1.0 per cent tyrosine, and 1.7 per cent phenylalanine were found.
Antagonistic activities of separated substances to vasopressin induced ST segment depression
The minimum effective dose of inosine was 0.25 mg/kg and the perfect antagonizing dose was 0.5 mg/kg (Table 1, Fig. 11 ), but neither hypoxanthine nor amino acids contained in the heart extract had activities. Although 5'-AMP (0.5 mg/kg), ADP (0.25 mg/kg), and ATP (0.5 mg/kg) were effective, we decided that the main active component in the protein free extract of whale heart was inosine. Because the recovery of activity from the activated charcoal adsorbed fraction to inosine was about 100 per cent. All these substances were not effective to the rise of the T wave in the first phase, and the decrease of heart rate. 
DISCUSSION
There are some reports on vasopressin induced myocardial hypoxia, and its antago nizing drugs. However, many of them were tried only quantitatively with rabbits and dogs (21) (22) (23) . Papp and Szekeres reported quantitative result in rabbits (24) , and Tardos and Leszkovszky reported it in rats (25) . A disadvantage common to the methods de scribed in both reports, is that the response is all or none, and require more than ten animals per one dose of a drug, furthermore the test animal in the former report is not so easy to handle and per kg and total doses of vasopressin are very large (maximum is 20 u/kg) in the latter report. Main advantages of our method are: 1) simple and inexpensive, : 2) sensitive, quantitative, reproducible, and small in individual variation, : 3) maybe, a good model of myocardial ischemia.
1) As to the first point, it is very easy to manage anesthetized rats. It is possible to treat 4 rats in one hour, so that many drugs are able to be assayed on the same day against the same control.
2) As to the second point, although the response is reproducible on the fourth day, a tachyphylaxis-like phenomenon is present in the vasopressin repeated animal on the same day, or sometimes even on the next day and the day after next. But, individual variation is small, that is 0.25 u/kg vasopressin induces constant ST depression, then it is unnecessary to compare the response in the same animal. Since ST depression is con tinuous and the variation in the time course is small from 1 minute to 5 minutes after the administration of vasopressin, two-dimensional analysis of data (treatment x time) (Fig. 3) is possible only in our method.
3) As to the third point, subendocardial injury is known to produce ST depression. In the present experiment, continuous ST depression is observed only in the deep anesthetized rats with pentobarbital.
The short duration of the ST depression in conscious state or under light anesthesia may due to the stronger homeostatic mechanism in cardio vascular system than under the deep anesthesia. In our other experiments, it have been proved that inosine improves adrenaline induced ST depression in pentobarbital anes thetized rats, and inhibits the increases in coronary lactic acid induced with vasopressin or adrenaline in pentobarbital anesthetized dogs (to be published). Nitroglycerin, ipro veratril, and inosine were equally effective against the ST depression, but not effective against the rise of T wave. These data will be considered to indicate indirectly that such a continuous ST depression is a good model of myocardial hypoxia. Inosine is not a specific substance of the heart, however it is known that ATP converts inosine rapidly in heart with ischemia but not in skeletal muscle (26, 27) . Some physiological role of inosine in the anoxic heart is presumed from these reports and our experimental result. 2. Because the depression of ST segment was continuous and had a little individual variation, the two-dimensional (time, and treatment) analysis of data was possible.
3. Then this method was shown to be far simpler, more inexpensive, and more quantitative than the methods hitherto used. 4 . This ST segment depression may be a good model of myocardial hypoxia.
5. Active components which improved the ST segment depression, in the whale heart extract were identifyed, and the main component was inosine.
